Background While studies have attributed the favourable birth outcomes of Mexico-born mothers in the USA to a 'healthy immigrant effect' that confers protection to immigrants, a comparison of immigrants with the source population in Mexico has been lacking. We compared preterm delivery (PTD) rates of Mexicoborn immigrants who delivered in California with Mexico-born women who delivered in Mexico (WIMX) and with a subgroup who delivered in the five top immigrant sending states in Mexico. Methods Using 2009 birth records, we selected all live-born singletons of primiparous WIMX (699 129) and immigrants in California (33 251). We examined the unadjusted and adjusted association between place of delivery and any PTD (<37 weeks gestation), including PTD subcategories (early, moderate, late), using relative risks (RR) and 95% CIs. Multivariate models controlled for demographic and health system characteristics.
INTRODUCTION
Almost one in nine babies are born preterm (before 37 completed weeks gestation) annually in the USA, 1 a condition associated with a heightened risk of perinatal morbidity and mortality, childhood disabilities and adult onset of diseases. 2 3 In California, the state with the highest number of births, the preterm delivery (PTD) rate at 9.8/100 live births is lower than the national average. 1 One important reason for the lower rates of preterm birth in California may be the high number of births to Mexico-born mothers. Previous studies have shown that Mexico-born mothers have more favourable birth outcomes compared with US-born Mexican-American women despite their lower socioeconomic (SES) resources, higher fertility and delayed access to prenatal care-a phenomenon known as the 'Latino paradox'. [4] [5] [6] [7] Researchers have stated several hypotheses for the favourable outcomes of Mexico-born mothers. One is the 'healthy immigrant effect', which assumes that immigrants are a select group, with better health than the source population in Mexico, but this hypothesis has not been sufficiently tested with respect to perinatal outcomes. 8 9 Another postulates that Mexican mothers in the USA may be protected against poor birth outcomes because of their residential proximity to coethnics, their robust social support systems and cultural orientation which is facilitated by living close to Mexico. [10] [11] [12] A third explanation, for which there is limited evidence, attributes the disparities to reporting errors or other data quality issues. 13 Yet another explanation is that immigrant status confers health protection, but that this protective effect weakens with increasing time in the USA and is not sustained in the next generation due to acculturation and insufficient integration to US society and/or due to the cumulative burdens of psychosocial stress, poverty and racism. [14] [15] [16] [17] If the assumption of a 'healthy immigrant effect' is correct, the outcomes of immigrants are expected to be more favourable than those of the population of origin.
Prior perinatal health research mostly compares Mexican mothers currently living in the USA. Mothers are largely differentiated by generational status, duration of US residence or language and empirical evidence from these studies on the health selection hypothesis is scarce and inconsistent. 17 18 Studies mostly assume that it is the robust nature of immigrants and the selection of healthier migrants to the USA among lower SES immigrants that may predispose them on arrival to better birth outcomes, but studies lack information about immigrants before arrival. 17 19 20 Other studies of more general outcomes, such as a study of perceived health status among legal permanent residents in the USA, find less positive health selection among women than men and among immigrants from Mexico compared with other regions of origin, suggesting that the health selection hypothesis might not apply universally to all immigrants. 19 21 Notably missing in this body of research is a crossnational perspective which relies on comparisons of immigrant mothers living in the USA with nonimmigrant mothers living in Mexico and considers the possible influences of the sending and receiving countries on immigrant health outcomes. of immigrant mothers are attributable to individual and cultural attributes or to healthcare or other social and contextual characteristics.
In this population-based cross-sectional study, we compare PTD rates of Mexican immigrant mothers who deliver in California with those of mothers who were born and deliver in Mexico. We compare all births in Mexico and, more specifically, all births in the five sending states in Mexico with the highest proportion of immigration to California to determine whether immigrants have lower rates of PTD and hence demonstrate a 'healthy immigrant effect'. Since Mexicans are a heterogeneous population, a comparison with the population in the top sending states may reveal specific selection factors. For instance, if the birth patterns in these states are selected more by healthier women leaving to settle in California, we would expect wider disparities in PTD rates. 
METHODS

Variables
We used obstetric estimates of gestational age from California birth certificates to estimate gestational age at delivery as this estimate best matched practices for estimating gestational age in Mexican birth certificates. Methods used to date gestation in Mexico are neither standardised nor routinely reported and include last menstrual period (LMP), ultrasound and fundal height. One study found that only 4.4% of pregnant women affiliated with the social security health system (Instituto Mexicano de Seguro Social, IMSS) in Mexico City had received an ultrasound. 25 In California, obstetrical estimates are based on all perinatal factors (eg, fundal height, first pregnancy symptoms, LMP, heartbeat detection, quickening) and assessments such as ultrasound, but not the neonatal exam. Approximately 60% of pregnant women who underwent mid-pregnancy prenatal screening in 2007 had ultrasound dating information. 26 PTD was defined as any birth delivered before 37 completed weeks gestation. Owing to different aetiologies and consequences, PTD was further categorised as early preterm (<32 weeks gestation), moderate preterm (32-33 weeks) and late preterm (34-36 weeks). 27 We also used very low birth weight (VLBW <1500 g) as a supplemental outcome because it is more easily measured, less prone to differential misclassification error and closely reflects patterns of preterm birth.
The key independent variable was place of residence (Mexico, top sending state in Mexico or California). Other independent variables consisted of demographic and healthcare characteristics available for each place and categorised broadly to enable cross-national comparisons. Demographic variables were maternal age (in years) and maternal education at time of delivery (less than high school, high school graduate or more). Two healthcare variables, namely type of health insurance used for prenatal care and trimester prenatal care initiated (first or second vs third/no care), were used as proxy measures of access to care. A third healthcare variable, mode of delivery (caesarean (c-section) or vaginal), was included because hospital practices and obstetric management can play an important role in delaying deliveries and reducing late preterm births. 28 Insurance categories included uninsured, publicly insured (IMSS Oportunidades and Seguro Popular in Mexico and Medi-Cal and other government funded programmes in California) and social health insurance or privately insured (covered by IMSS and Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado (ISSSTE), Petroleos Mexicanos (PEMEX) and army and navy (Sedena and Semar) in Mexicosystems that require a private or mandatory contribution (through payroll taxes) to finance health services and members of private health plans in California).
Data analysis plan
Statistical analyses were performed using SAS V.9.2 (StatCorp LP, College Station, Texas, USA). Bivariate analyses examined the crude association between place of delivery (Mexico and California) and any PTD, early, moderate, late PTD and VLBW. The relative risks (RR) and their 95% CIs were calculated for immigrant California women compared with WIMX and to the subgroup of women from Mexican sending states for each PTD measure. Within each place of delivery, we examined the frequency distribution of covariates for women who had an early or moderate PTD, late PTD or term delivery. We combined early and moderate PTD into one category labelled early/moderate PTD to increase power. We restricted our analysis to women 18 years or older in order to improve the interpretability of the education covariate. To examine adjusted RRs for place of delivery and 95% CIs, we used a generalised linear model with log link and binomial probability. In our main effects model, we adjusted for age, educational level (dichotomised), prenatal care initiation (dichotomised), delivery mode and insurance type. In additional analyses, we further controlled for interactions between place and other covariates. Covariates that significantly interacted with place were used to define relevant subpopulations. The effect and significance of place within each subpopulation was examined.
This study was approved by the ethics Committee at UC Berkeley and the California Committee for the Protection of Human Subjects, Project No.12-08-0681. Since Mexican data are public, no approval was sought.
RESULTS
Rates of PTD were higher among immigrants in California (6.7%) compared to WIMX overall (5.8%; RR=1.17; (1.12 to 1.22); table 1). When broken down by PTD categories, the risk for early PTD at less than 32 weeks gestation (RR=1.50; (1.35 to 1.66)) and late PTD (at 34-36 weeks gestation; RR=1.14; (1.09 to 1.20)) was higher for immigrant women, whereas the risk of moderate PTD at 32-33 weeks gestation was similar.
Disparities were even sharper when comparing immigrants to women in the Mexican sending states, particularly for early PTD (RR=1.70; (1.51 to 1.90)).
Demographic and healthcare characteristics among women 18 years or older differed more between California and Mexico than within PTD categories in each place (table 2) . Compared to immigrants, WIMX delivered their first child at a younger age, were less likely to have a high school diploma or some college at the time of delivery and to start prenatal care in the first trimester. Furthermore, WIMX were less likely to have public insurance and more likely to be uninsured and to deliver by c-section compared to immigrants in California.
Within California, immigrant women who delivered prior to 34 weeks were older, less educated, slightly more likely to have private insurance, to start prenatal care early and far more likely to deliver by c-section than those who delivered at term (table 2) . A similar pattern but less pronounced was found for women delivering late preterm compared to term. In Mexico, women who delivered prior to 34 weeks gestation or had a late PTD were, as in California, more likely to be older, have social health insurance or private insurance and deliver by c-section than those who delivered at term. However, in contrast to women in California, they were also more likely to be college educated and have late or no prenatal care. Similar patterns were found among women in the Mexican sending states. Women in sending states differed from those in all of Mexico in that they had lower education, were far less likely to be uninsured and more likely to have public insurance and to start prenatal care early (table 2) .
The multivariate models in table 3 show that when controlling for covariates, the risk of any PTD (RR=1.25 (1.19 to 1.31)), early/moderate PTD (RR=1.43 (1.30 to 1.57)) and late PTD (RR=1.20 (1.13 to 1.27)) was higher for immigrants than for WIMX. The risk of VLBW was also markedly higher for immigrants compared to WIMX (RR=1.43 (1.26 to 1.61). Similar patterns were observed when comparing immigrants to women delivering in the Mexican sending states. For immigrants, the risk of any PTD was 27% higher (1.20-1.34), of early/moderate PTD was 44% higher (1.29-1.60), of late PTD was 22% higher (1.15-1.30) and of VLBW was 36% higher (1.18-1.58).
We found significant interactions with place and insurance type and trimester prenatal care initiated in our models for any PTD and with place and delivery mode and insurance type for late PTD (data not shown). However, in no subpopulation was the risk of PTD for immigrants significantly lower compared to women in Mexico. Interactions were also found for delivery mode and trimester prenatal care initiated with place for early/ moderate PTD and VLBW (data not shown), but only among the subpopulation who delivered vaginally and had late prenatal care were immigrants at lower risk for PTD compared to WIMX. Notably, this subpopulation represents only 3% of all women. Interaction models restricted to women in Mexican sending states also did not show a significantly lower risk of outcomes for immigrants except for a lower risk of late PTD among women aged 32 years or older who delivered by c-section. This subpopulation represented 7% of the total.
DISCUSSION
In this study of PTD to first-time mothers born in Mexico, we found no evidence of a 'healthy immigrant effect' among mothers delivering in California. In fact, we found that immigrant women in California 18 years or older stand a higher risk of any PTD, a PTD occurring prior to 34 weeks and of a late PTD compared with women who were born and delivered in Mexico, in unadjusted and adjusted analyses. Furthermore, the risk of PTD among immigrants was similar when compared with Mexican women from the high migrant sending states, suggesting that these birth patterns are not more selected by healthier women leaving to settle in California. The risk for VLBW was also markedly higher among immigrants compared to women in Mexico and to women in sending states, which was consistent with our findings for early PTD.
The higher PTD rates among immigrants in California compared with those in Mexico are consistent with 2010 country rates (12% in the US vs 7.3% in Mexico) 29 and with 2009 PTD rates in US border states (11.6%) versus Mexican border states (6.7%). 30 Nonetheless, the findings are surprising given that immigrant women in California, regardless of legal status, are largely insured for pregnancy-related services while about one in three WIMX (and about 22% in sending states) are uninsured. The higher rates of insurance for prenatal care, earlier initiation of prenatal care, along with a well-organised regionalised system of perinatal care in California, should lead to better access to more risk-appropriate levels of medical care. The earlier start of prenatal care among immigrants in California may contribute to better establishment and monitoring of gestational age. Although c-sections are positively associated with late preterm births occurring between 34 and 36 weeks gestation, 31 we found much lower rates of c-sections among immigrants than women in Mexico for both term births (31% in California vs 50% in all Mexico and 51% in sending states) and for preterm births (39% in California vs 60% in all Mexico and 61% in sending states). Additionally we found that for the subpopulation of women older than 31 years who delivered by c- section, the risk of late PTD was lower in California compared with women in the sending states. According to WHO, population level caesarean rates should not exceed 10-15% of births and only be performed given a medical indication. 32 Further research should assess the very high rates of c-sections in Mexico.
The higher rates of PTD among immigrants could perhaps be partly explained by the lower rates of fetal deaths in California. We estimate fetal deaths at 20 or more weeks gestation to Mexican immigrants in California at 3.5 (B Anderson, personal communication and special runs from California Perinatal Profiles Project UC Berkeley) versus 10.8/1000 births (live plus fetal deaths) for WIMX 33 in 2009. The rate for Mexico may be conservative given the substantial under-reporting, 34 but these higher rates indicate less chances of live birth resulting from premature deliveries in Mexico compared with California. We estimate that if even 50% of fetal deaths could be prevented in Mexico such that they would result in a preterm live birth, the overall PTD rate would increase to 6.3%, which is still slightly lower than the 6.7% rate among immigrants.
Higher rates of PTD among immigrants in California than WIMX could be an artefact of differences in gestational age ascertainment. The more widespread use of early ultrasound could lower estimates of gestational ages in California, resulting in fewer babies categorised as term. Since there are no national estimates of ultrasound use in Mexico, to address this issue, we assumed that gestational age for all term births in Mexico weighing less than the 10th centile mean birth weight for babies delivered at 36 weeks gestation in California was misascertained. Under this assumption, the directionality of the RR of PTD for immigrants versus women in Mexico changes (RR=0.94 (0.97 to 0.98)), while the RR for immigrants versus women in sending states becomes comparable (RR=0.98 (0.94 to 1.02)). Further studies must assess the comparability of Mexican and Californian birth certificate gestational age data. While the selection of a gestational dating method has implications for studying preterm, studies comparing LMP-based estimates with ultrasound-based estimates have found that LMP underestimates the date of delivery by 2-3 days on average. 35 Notably, we found that rates of VLBW, a measure that is less prone to differential misclassification error, were also significantly higher among immigrants. This study had other limitations. In this cross-sectional analysis, we cannot establish causation. We also could not examine the effects of return migration. The higher rates of PTD among immigrants could have been due to the lower probability of high-risk mothers returning to their home country if they believed that they had better access to quality healthcare in the USA. 36 Conversely, immigrants could have been more likely to return to Mexico if they had more dependable sources of social support. Further research is required in this area.
Analysis did not account for unregistered births. In California, 99% of births occur in hospital, 34 37 and 94.4% of births in Mexico are delivered in hospitals or clinics and presumably are registered. 30 38 Maternal complications that are known risk factors for PTD, such as pre-pregnancy obesity, antenatal haemorrhage and preeclampsia, were not included because this information is lacking in Mexican birth certificates. Adjusting for population and healthcare factors must be performed cautiously, since the same factors may not have the same effects in California and in Mexico. For instance, WIMX deliver their first baby at earlier ages than Mexico-born women in California, perhaps due to the different social expectations related to family formation or to childbearing delays caused by migration. Similarly, educational attainment at the time of delivery may be a different marker of SES depending on when the highest degree was obtained. WIMX may receive less recommended prenatal care than those in the USA or may start prenatal care later due to healthcare and economic barriers that differ from those in California. 25 Furthermore, we lacked information on duration of residence and legal status of immigrants. Approximately 900 000 undocumented women, mostly from Mexico, lived in California in 2009. 39 Undocumented immigrants experience disproportionately low SES, difficulty with English and with healthcare access, stressors which may contribute to poor birth outcomes. Given inconsistent evidence, future studies must determine whether immigrants who reside legally in California are more likely to exhibit a 'healthy immigrant effect'. 40 41 The strengths of this study were that it was population-based and included data from recent birth certificates in Mexico, which have improved reporting and quality control of data.
In sum, our findings show that primiparous Mexico-born mothers stand a higher risk of PTD if they deliver in California compared to Mexico; however, further research must assess the comparability of gestational age in birth certificates and the extent to which our findings apply to all Mexicans-documented and undocumented-living in the USA, and to Mexican mothers living in other countries. Assessing a wider array of outcomes may provide a clearer picture; nonetheless, our analysis finds little evidence of a healthy migrant effect for PTD or VLBW, even when compared with women from sending states. This finding has clinical and policy implications. Preterm births in the USA are associated with enormous costs of care to families and society. 31 From a policy standpoint, the USA in recent decades has experienced the biggest immigration wave in its history, especially from Mexico. 42 Immigrants from Mexico tend to have higher shares of women of childbearing age and higher birth rates than the US-born population, and most of the growth in the Latino population is currently driven by births rather than immigration. 42 Understanding how to improve birth outcomes of Mexican women in the USA is of primary importance.
What is already known on this subject
Numerous studies show that foreign birth confers protection against adverse birth outcomes among Mexican immigrants in the USA. While previous studies compare immigrants to US-born populations, evidence comparing immigrants to the source population in Mexico is lacking.
What this study adds
In this first population-level study to assess preterm delivery among primiparous Mexico-born immigrant women delivering in California and in Mexico, including delivery in the top five Mexican immigrant sending states, we found that women stand a higher risk of preterm delivery if they deliver in California. Our analysis finds little evidence of a 'healthy immigrant effect' for preterm birth. Further research must assess the comparability of gestational age in birth certificates from Mexico and California and the extent to which our findings apply to all Mexican immigrants-documented and undocumented-living in the USA, and to Mexican women living in other countries.
